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Abstract: The aim of the study was to assess the lipid atherogenic risk in women with metabolic syndrome (MS) based on calculating 

the atherogenic index of plasma (AIP) {(logTriglycerides)/HDL-cholesterol}, Castelli's I and II risk indexes (the ratios total 

cholesterol/HDL-cholesterol and LDL-cholesterol/HDL-cholesterol, respectively) and the leptin/adiponectin ratio (L/A ratio). 

Materials and methods: The study comprised of 31 women with MS (mean age 29.03±6.16 years) and 30 age-matched, clinically healthy 

women (mean age 26.33±4.49 years, P>0.05) forming a control group. The following clinical measurements and laboratory tests were 

performed on all participants: weight, height, waist circumference, hip circumference, systolic and diastolic blood pressure (SBP and 

DBP), fasting plasma glucose (FPG), fasting immunoreactive insulin (IRI), total cholesterol (TC), HDL-cholesterol (HDL-C) and 

triglycerides (TG). The well-known adipocytokines - leptin and adiponectin were determined. Body mass index (BMI), waist-hip ratio 

(WHR), homeostasis model assessment insulin resistance index (HOMA index), LDL-cholesterol (LDL-C), AIP, Castelli' s I and II risk 

indexes and the L/A ratio were calculated. 

Results: The women with MS had significantly higher weight, BMI, waist circumference, hip circumference, IRI, HOMA index, TG, 

leptin, SBP and DBP compared to the healthy women, while WHR, FPG, TC, LDL-C and adiponectin were similar in both of the studied 

groups. AIP (-0.006±0.32 vs. -0.212±0.26, P=0.008), Castelli's risk index I (4.39±1.21 vs. 3.64±1.07, P=0.01) and Castelli's risk index II 

(2.82±1.01 vs. 2.31±0.92, P=0.04) as well as the L/A ratio (5.53±6.05 vs. 2.40±2.35, P=0.02) were found to be significantly higher in the 

women with MS compared to the healthy women.  

Conclusion: The results from this study contribute to understanding that women with MS carry a higher atherogenic risk. The plasma 

L/A ratio has been proposed as a preferential marker of atherosclerosis susceptibility compared to leptin and adiponectin alone.  
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1. Introduction 

Metabolic syndrome (MS) refers to the clustering of 

cardiovascular risk factors that include type 2 diabetes mellitus 

(DM), obesity, dyslipidaemia and hypertension (1, 2). It has 

been estimated that people with MS have double the risk of 

developing cardiovascular disease (CVD) and experience a 

five-fold increased risk of type 2 diabetes mellitus (DM) 

compared with those without the syndrome (1, 3). 

         Dyslipidemia has been identified as one of the most 

important risk factors associated with coronary artery disease 

(CAD) (4). Low HDL-cholesterol (HDL-C), high triglycerides 

(TG) and high LDL-cholesterol (LDL-C) levels have been 

associated with increased incidence of CAD (5). It has been 

suggested that the different combinations of these lipid profile 

parameters can be used to identify such high risk individuals. 

Atherogenic Index of Plasma (AIP) and Castelli Risk Indexes  

 

(CRI) are the ratios that have been studied as markers of lipid 

atherogenic risk. These are the calculated fractions which can 

be used in the clinical setting for assessing the risk of CVD 

beyond the routinely done lipid profile.  

         Although adiposity has been traditionally defined as an 

increase in total body mass, visceral fat accumulation has been 

found to correlate with a cluster of metabolic abnormalities 

observed among the patients with MS (6). Visceral adipose 

tissue contains large insulin-resistant adipocytes; it has a well-

developed vascular system and is characterized by infiltration 

of a large number of inflammatory cells. Inflammatory cells 

regulate adipocyte behaviour as a source of hormones and 

cytokines, called adipokines, with proinflammatory and 

proatherogenic effects. Circulating levels of cytokines 

including resistin, leptin, TNFa, interleukin-6 (IL-6), C-reactive 

protein (CRP), fibrinogen and plasminogen activator inhibitor-

1 (PAI-1) are generally increased in obese subjects and in 

patients with diabetes mellitus. On the contrary, visceral 

adiposity is a state with a relative deficiency of adiponectin, a 
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tissue-specific circulating hormone with insulin-sensitising and 

anti-atherogenic properties. Adiponectin stimulates glucose use 

and fatty acid oxidation in the muscle, enhances insulin 

sensitivity in the liver, increases free fatty acid (FFA) 

oxidation, reduces hepatic glucose output and inhibits 

monocyte adhesion and macrophage transformation to foam 

cells within the vascular wall (7-9). Therefore, it appears that 

the presence of leptin-adiponectin (L/A) imbalance may be at 

great importance for the elevated risk of developing type 2 DM 

and CVD associated with abdominal obesity (10). 

The aim of the study was to evaluate the persisting 

cardiovascular risk in women with insulin resistance syndromes 

using AIP, CRI  I and II, and the L/A ratio. 

 

 

2. Materials and methods: 

The present study was conducted in the Clinic of 

Endocrinology and metabolic diseases at “Sveti Georgy” 

University Hospital, Plovdiv. It comprised of 31 women with  

MS and 30 clinically healthy women forming the control 

group. The following clinical measurements and laboratory 

tests were performed in all participants: body weight and 

height, waist circumference, hip circumference, systolic and 

diastolic blood pressure (SBP and DBP), fasting plasma 

glucose (FPG), fasting immunoreactive insulin (IRI), total 

cholesterol (TC), HDL-C, TG, leptin and adiponectin. Body 

mass index (BMI), waist-hip ratio (WHR), homeostasis model 

assessment insulin resistance index (HOMA index), LDL-C, 

AIP, Castelli' s I and II risk indexes and the L/A ratio were 

calculated. 

        Waist circumference was defined in the horizontal plane 

midway between the lower edge of the 12th rib and the top of 

the iliac crests. Hip circumference was measured around the 

widest portion of the buttocks, with the tape parallel to the 

floor. LDL-C was calculated according to Friedewald formula: 

{TC – (HDL-C + TG/2.2)}. SBP and DBP were measured in a 

sitting position after at least 5 minutes’ rest. All blood samples 

were taken after an overnight 12-hour fast. The biochemical 

tests were performed under standard conditions in the central 

Clinical Laboratory at “Sveti Georgy” University Hospital, 

Plovdiv. Leptin and adiponectin levels were determined in the 

Clinical Centre of Endocrinology, “Acad. Ivan Pentchev” 

University Hospital of Endocrinology, Medical University, 

Sofia. All the study participants  signed an informed consent 

and the study was approved by the local Ethics committee at 

“Sveti Georgy” University Hospital, Plovdiv. 

         The diagnosis of MS was made according to the criteria 

of the International Diabetes Federation (IDF), when central 

obesity as a mandatory component was present (waist 

circumference ≥80 cm for Caucasian women) in combination 

with at least two of the following abnormalities: elevated TG 

>1.7 mmol/l; decreased HDL-C <1.29 mmol/l or specific 

treatment; elevated blood pressure ≥130/85 mmHg or treatment 

of already diagnosed hypertension; increased FPG ≥5.6 mmol/l 

or diagnosed type 2 DM.  A comprehensive set of hormonal 

tests was done in all study participants (androgens, 

gonadotropins, oestradiol, prolactin, TSH, free T4, serum 

cortisol at 8 h and 22 h) for diagnostic purposes and in order to 

exclude pregnancy and/or other endocrine pathology: 

Cushing’s syndrome, inherited adrenal hyperplasia, 

prolactinoma, hypo-/hyperthyroidism, hypopituitarism, 

hypogonadism, polycystic ovary syndrome etc. Venous blood 

samples for the determination of the hormonal parameters were 

collected in the early morning hours after a 12-hour fast. 

Insulin was tested using a commercial kit for quantitative 

determination of immunoreactive insulin on the basis of 

microparticular immunoenzyme analysis (MEIA) on an 

AxSYM system (ABBOTT, USA) with the following 

characteristics: sensitivity ≤0.8 mIU/ml; inter-assay variation, 

СV% <2.9; intra-assay variation СV%<5.3. TC was 

determined by ChOD, PAP; TG by GPO, PAP, and HDL-C by 

MgSO4-dextran SO4 precipitation, Schneiders Analysers; 

Netherlands test; Delta Kone Autoanalyser. Serum glucose 

levels were determined by a standard GOD-POD method. The 

hormonal tests were performed on an Ax-SYMTM System 

(Abbott Diagnostics, Abbott Park, USA) using commercial 

kits. Leptin was determined by means of a solid-phase 

immunoenzyme assay (Human) ELISA (commercial kit of 

DRG, Germany) with the following characteristics: sensitivity, 

0.2 ng/ml; inter assay variation, CV% < .4; intra assay 

variation, CV% < 8.7%; correlation with RIA, r = 0.95.  Serum 

levels of adiponectin were tested by ELISA (Human 

Adiponectin Elisa, commercial kit of BioVendor) with: 

sensitivity - 26 ng/ml; inter assay variation  - CV% < 7.0; intra 

assay variation - CV% <5.9.  

     In all participants BMI (weight (kg)/height (m)²), WHR 

(waist (cm)/hip(cm)),  homeostasis model of insulin resistance 

index (HOMA-IR) (fasting blood glucose (mmol/l) x IRI 

(μIU/ml)/22,5),  atherogenic index of plasma (AIP) 

{(logTG)/HDL-C} , Castelli's risk index I and II (TC/HDL-C 

and LDL-C/HDL-C,  respectively) and the L/A ratio were 

calculated. A cut-off of 2 for HOMA-IR was used for 

determining the presence of IR. 

      The statistical analysis was performed by SPSS version 

21.0. The results are presented as mean  standard deviation 

(SD). For comparison of variables with a normal distribution 

unpaired, 2-tailed Student’s t-test was used, whereas the Mann–

Whitney U-test was used for variables with a skewed 

distribution to analyse clinical and laboratory data. Statistical 

significance was taken at level of  P<0.05.  

 

3. Results:  

 The clinical and metabolic characteristics of the studied 

women (anthropometric parameters;values of glucose and lipid 

metabolism; SBP and DBP) are presented in Tables 1 and 2.  

Table 3 shows the results of the calculated atherogenic ratios: 

AIP, Castelli's risk indexes I and II and the L/A ratio. There 

were no statistically significant differences between the groups 

in terms of age, WHR, FPG, TC, LDL-C or adiponectin. The 

women with MS had significantly higher weight, BMI, waist 

circumference, hip circumference, fasting IRI, HOMA index, 

SBP and DBP as well as significantly higher levels of TG and 

leptin compared to the control women. AIP (-0.006±0.32 vs. -

0.212±0.26, P=0.008), Castelli' s risk indexes I (4.39±1.21 vs. 

3.64±1.07, P=0.01) and II (2.82±1.01 vs. 2,31±0.92, P=0.04) 

and the L/A ratio (5.53±6.05 vs. 2.40±2.35, P=0.02) were 

found to be significantly higher in the women with MS 

compared to the healthy women.  

 

Table 1. Clinical and anthropometric characteristics of the 

studied groups. 

Parameters Groups of women 

 Control women 

(n=30) 

Women with MS 

(n=31) 
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Age (years) 26.33±4.49 29.03±6.16 

Weight (kg) 61.71±10.21 98.40±13.94
***

 

BMI (kg/m²) 22.58±2.84 34.98±5.71
***

 

Waist (cm) 78.05±8.03 105.41±7.96
***

 

Hip (cm) 98.61±10.22 125.38±11.64
***

 

WHR  0.80±0.08 0.83±0.06 

*  P<0.05; **  P<0.01;*** P<0.001. 

Table 2. Metabolic parameters, SBP, and DBP in the studied 

groups. 

Parameters Groups of women 

 Control women 

(n=30) 

Women with MS 

(n=31) 

GLU 0' (mmol/l) 4.79±0.55 5.06 ±0.68 

IRI 0' (μIU/ml) 6.37±2.51 10.67±4.01
***

 

HOMA-IR 1.39±0.65 2.45±1.08
***

 

TC (mmol/l) 4.62±1.06 4.87±0.89 

HDL-C (mmol/l) 1.35±0.41 1.16±0.26
*
 

LDL-C (mmol/l) 2.87±0.97 3.09±0.75 

TG (mmol/l) 0.87±0.38 1.35±0.79
**

 

SBP (mmHg) 111.35±11.25 122.10±8.44
***

 

DBP (mmHg) 71.35±8.70 77.26±9.82
*
 

*  P<0.05; **  P<0.01;*** P<0.001. 

Table 3. Hormonal parameters and lipid atherogenic risk 

indexes in the studied groups. 

Parameters Groups of women 

 Control 

women 

(n=30) 

Women with 

MS 

(n=31) 

Leptin (ng/ml) 22.47±14.40 50.28±18.46
***

 

Adiponectin (µg/ml) 14.28±8.62 13.23±7.38 

L/A ratio 2.40±2.35 5.54±6.05
*
 

AIP - 0.21±0.26 - 0.01±0.33
**

 

CRI  I 3.64±1.07 4.39±1.21
*
 

CRI  II 2.31±0.92 2.82±1.01
*
 

*  P<0.05; **  P<0.01;*** P<0.001. 

4. Discussion: 

          In individuals with type 2 DM and MS, cardiovascular 

risk is increased by a clustering of risk factors such as 

abdominal obesity, impaired fasting glucose, increased blood 

pressure, low HDL-C, increased TG, and an increase in small, 

dense LDL particles. The current increase in the incidence of 

type 2 DM in the population perhaps poses the most urgent 

cardiovascular risk (11). CAD is the epidemic of modern 

civilization in which dyslipidemia contributes significantly to 

its pathogenesis. WHO predicts 11.1 million deaths globally 

and 71% deaths in developing countries due to CAD by 2020 

A.D.   

 Lipid profile refers to some routinely done biochemical 

tests to assess the atherogenic status of individuals at risk of 

CAD. It includes serum TG, serum TC and its sub fractions 

like HDL-C and LDL-C. The Framingham heart study over 

years has established the role of deranged lipid profile in the 

progression of CAD and deranged LDL-C levels are the 

primary target for treatment (12). Calculating certain ratios 

using these parameters, especially in situations where LDL-C 

levels are below target range, may increase the identification of 

at-risk individuals. 

         A number of lipid related parameters have been used to 

predict the risk of CAD. According to Grover, either the ratio 

of LDL-C/HDL-C or TGL /HDL-C is the best related predictor 

of future cardiovascular events (13). The logarithmically 

transformed ratio of plasma TG to HDL-C correlates closely 

with the LDL particle size and can serve as an indicator of the 

atherogenic lipoprotein phenotype. Clinical studies have shown 

that AIP predicts cardiovascular risk and that it is an easily 

available cardiovascular risk marker as well as a useful 

measure of the response to treatment (14). Patients with type 2 

DM are at increased risk of cardiovascular morbidity and 

mortality. The significant increase in TG, the TGL/HDL-C 

ratio, AIP, BP and the BMI of diabetic patients with MS when 

compared to the type 2 diabetic patients without MS, predicts 

that patients with type 2 DM with MS are at a higher risk level 

for CVD. This is in agreement with the fact that insulin 

resistance induces several metabolic changes such as 

hyperglycaemia, dyslipidaemia and perhaps to a lesser extent, 

hypertension, which all contribute to the development of 

atherosclerosis (15). 

          This study aimed at evaluating the role and contribution 

of the ratios like AIP and CRI I and II in lipid atherogenic risk, 

respectively CAD. In the current study we found that AIP was 

significantly higher in the MS women as compared to the 

controls (-0.006±0.32 vs. -0.212±0.26, P=0.008). Studies have 

shown an inverse relationship existing between TG and HDL-C 

and that the ratio of TG to HDL-C is a strong predictor of 

infarction (16). AIP is being used by some practitioners as a 

significant predictor of atherosclerosis. It has been suggested 

that AIP values of -0.3 to 0.1 are associated with low, 0.1 to 

0.24 with medium and above 0.24 with high cardiovascular risk 

(17). We observed an AIP ratio of - 0.006 in women with MS 

and - 0.212 in controls which are in concordance with the 

suggested cut-offs. Moreover, some studies have shown that in 

situations where other atherogenic risk parameters like TG and 

HDL-C appear normal, AIP may be a diagnostic alternative 

(18). Studies have shown its role in predicting cardiovascular 

risk and effectiveness of therapy (19). 

         Castelli’s Risk indexes (CRI) are based on three 

important lipid profile parameters i.e. TC, LDL-C and HDL-C. 

CRI-I calculated as the ratio of {TC/HDL-C} and CRI-II as 

{LDL-C/HDL-C} (20), were found to be significantly higher in 

women with MS compared to the controls (4.39±1.21 vs. 

3.64±1.07). In our study we did not find a significant difference 

in TC and LDL-C levels between the two studied groups, 

whereas the ratios based on these parameters showed 
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significant differences between the groups. This clearly 

suggests the relevance of ratios over individual lipid 

parameters especially in situations where the drug management 

might be affected.  The Canadian working group had chosen 

the TC/HDL-C ratio as a secondary goal of therapy considering 

it to be a more sensitive and specific index of cardiovascular 

risk than TC, particularly in individuals with TG>3.39 mmol/l 

(21). We found CRI I > 4 in our pathological group which is in 

concordance with other studies (22). Some studies have shown 

an association of TC/HDL-C ratio with coronary plaques 

formation (23). In our women with MS CRI-II (2.82±1.01) was 

found to be higher than in the healthy women and close to the 

upper limit for normal range, that is 3. In PROCAM study, it 

was observed that subjects with LDL-C/HDL-C >5 had a 6-

time higher rate of coronary events (24).  

          Essiarab et al. studied the impact of obesity and MS on 

lipoprotein profiles and cardiovascular risk through lipid ratios 

and AIP in Moroccan women. Their study included 240 

Moroccan women divided into 3 groups: controls (Group 1), 

obese women without MS (Group 2) and obese women with 

MS (Group 3). Anthropometric and lipid measurements were 

taken and specific lipid ratios assessed, as well as non-HDL 

cholesterol (Non-HDL-C) and AIP. Group 2 presented similar 

lipoprotein profiles compared with Group 1. Group 3 had 

higher TG levels than Group 1, which, in turn, increased HDL 

and AIP values. Dyslipidemia in Group 3 was demonstrated by 

higher TG levels, lipid ratios and AIP and lower HDL-C levels 

compared with Group 2. All of these abnormalities are 

responsible for elevation of CVD risk. Closer associations were 

found between cardiovascular risk and lipid ratios and AIP than 

lipids alone. The study confirmed that MS affects the serum 

lipoprotein profile of obese women. Lipid ratios, non-HDL-C 

and AIP remained useful tools for the diagnosis and prognosis 

of CVD by their associations with lipid parameters and their 

high predictive values (25). 

It is well known that obesity is associated with increased 

cardiovascular morbidity, mortality and metabolic 

derangements including insulin resistance, dyslipidemia, and 

hypertension (26-28). Although the mechanisms linking obesity 

and CVD are not completely understood, recent evidence 

indicates that inflammation and insulin resistance may play 

important roles. It has been recognized in recent years that 

adipose tissue is an important endocrine organ, secreting 

several bioactive molecules termed adipokines, which regulate 

whole-body metabolism and the immune response. Leptin and 

adiponectin, the two best-characterized adipokines, respond in 

a reciprocal manner to increasing adiposity. Plasma levels of 

leptin are elevated in obese individuals, and increased levels of 

leptin have been associated with higher levels of CRP (29) and 

are predictive of future cardiovascular events (30). In contrast, 

plasma adiponectin levels are reduced in obese individuals, and 

lower levels of adiponectin are associated with higher levels of 

CRP (31) and correlate significantly and independently with 

CAD. Two recent studies have demonstrated that vascular 

remodeling and neointimal formation are markedly attenuated 

in leptin deficient ob/ob mice and db/db mice with leptin 

receptor mutation (32, 33), suggesting that leptin may 

accelerate the development of vascular injury. Conversely, 

studies with adiponectin-deficient mice have revealed that 

adiponectin plays a protective role in the development of 

atherosclerosis (34). Mounting evidence also suggests that 

hyperleptinemia and hypoadiponectinemia are associated with 

insulin resistance (35), and the L/A ratio correlates with insulin 

resistance better than either leptin or adiponectin levels alone. 

The L/A ratio is a powerful independent predictor of intima 

media thickness (IMT) in healthy subjects and correlates with 

several anthropometric, metabolic, and clinical parameters 

better than each single adipokine (36). 

Calculating the L/A ratio in our studied groups of women, 

we found significantly higher values of the ratio in the women 

with MS compared to the controls  (5.53±6.05 vs. 2.40±2.35, 

P=0.02). 

        A study of Kazuhiko Kotani and Naoki Sakane (37) 

suggested that the L/A ratio can serve as a clinically useful 

marker for detecting MS characteristics in the general Japanese 

population. Japanese subjects (n=678 - 208 men and 470 

women, mean age 58.8±14.4 years) took part in the study. 

Biochemical markers such as leptin and adiponectin present 

were measured. The results showed that the L/A ratio in 

subjects with MS was significantly higher than that in subjects 

without MS, regardless of gender. The L/A ratio also showed a 

significant and gradual increase corresponding to the increase 

in the number of components of MS present in both the genders 

(P<0.01). The cut-off level of the L/A to detect MS was 0.59 

(sensitivity: 0.72, specificity: 0.70) in men and 1.04 

(sensitivity: 0.72, specificity: 0.69) in women (37). 

 In conclusion, our study is in conformity with the huge 

source of evidence that lipid ratios like Atherogenic Index of 

Plasma, Castelli risk indexes and the L/A ratio could be used 

for identifying individuals at higher risk of cardiovascular 

disease in the clinical setting especially when the absolute 

values of individual lipoproteins seem normal. The 

aforementioned observations confirm that insulin resistance 

and existing metabolic syndrome can contribute to a 

prothrombotic and proatherogenic state leading to the 

development of cardiovascular diseases. 
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